299/300) 2 As the world's population is aging, there is an increasing demand for research 3 regarding aging and aging-related disorders, to achieve better understanding of aging. Ideally, 4 such research would be performed with human subjects. However, due to ethical 5 considerations, animals such as rodents and monkeys are used as alternatives. Among 6 these alternative models, non-human primates are preferred because they share common 7 traits with humans. The small South American common marmoset (Callithrix jacchus) may 8 offer a number of advantages over other non-human primates in terms of its relatively small 9 size, short life span, and identical dental anatomy, compared with humans. The purpose of 10 this study was to clarify the viability of using the marmoset as a human oral disease model.
Introduction 28
Aging is a complex phenomenon affecting all organs of the body. In the field of basic 29 science, experimental subjects such as cells, worms, flies, and rodents have provided 30 extensive groundwork for aging research [1] . However, taking this science from the bench to 31 the bedside requires studies in more complex species with physiology and aging processes, 32 which more closely resemble that of humans. Therefore, there is an increasing demand for 
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As society rapidly ages, an increasing number of studies have been articulating the 40 importance of maintaining oral health. One example is the association between the oral 41 condition of elderly people and their quality of life in terms of susceptibility to aspiration 42 pneumonia and falls [3] . In the adult marmoset, each oral quadrant contains two incisors, a 43 short-tusked canine tooth, three premolars, and two molars, which totals 32 teeth [4] . In 44 respect to teeth type and number, the oral anatomy of the marmoset is quite similar to that 45 of humans. 
Saliva collection
65 Marmosets were fasted on the day of saliva collection in order to obtain undisturbed oral 66 flora from each animal. Saliva samples were collected by probing sterilized cotton swabs 67 (JCB Industry Limited, Tokyo) in the oral cavity and allowing the marmosets to chew on the 68 cotton swabs habitually. After 2-3 minutes, the cotton swabs were removed and suspended 69 in 1 ml of sterile distilled water in sterile 1.0-ml tubes. The tubes were then stored at -80 °C, 70 until assayed for DNA analysis.
71
As for human subjects, they were asked to refrain from eating, drinking, brushing their 72 teeth, and rinsing their mouth on the day of saliva collection in order to obtain undisturbed 73 oral flora from each subject. Saliva was obtained by requesting them to spit saliva into sterile 74 tubes while sitting in an upright position in a chair; saliva samples were frozen immediately 75 and then stored at −80°C until analysis. In order to minimize the effects of circadian rhythm, 76 samples from two species were collected between 9:00 a.m. and 11:00 a.m. Saliva microbiome diversity 141 The distribution of the number of OTUs and genera are shown in Table 1 . The 142 number of OTUs was higher in humans than in marmosets (p = 0.016). In order to 143 characterize the phylogenetic composition of bacterial communities in oral cavity, the α-144 diversity of microbiota were examined. The marmosets had a significantly higher Shannons 145 index and Chao index than humans ( Fig 1A, 1B , Mann-Whitney U test, p < 0.001, p = 0.0013),
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indicating a higher α-diversity of oral bacteria in marmosets. from the 16S rRNA gene sequences in all samples were examined (Fig 3) . Most of the 166 sequences obtained in this study were assigned to seven bacterial phyla-Firmicutes, statistically less abundant in marmosets (p = 0.002, p = 0.004), and Fusobacteria and 178
Spirochaetes were statistically more abundant in marmosets (p < 0.001). 
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This study revealed that oral microbe samples from marmosets showed higher 205 diversity at the OTU level. Although, in general, oral microbiome varies dynamically over a 206 life-time, this diversity is known to be maintained by healthy oral conditions through an 207 optimal balance between the oral microbiota and the host immune system [9] . Any onset of 208 periodontitis, dental caries, or even smoking may influence bacterial diversity [ but still a significant gap of phylum difference exists. As for rats, distribution of oral microbiota 237 is reported to be even more different than that of humans. In contrast, marmosets' oral 238 microbiome is much closer to that of humans, as compared to reported microbiota of the rat 239 and canine.
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A major limitation of this study was that our sample consisted exclusively of old-age 241 marmosets. Although we selected marmosets of a wide age range (10 to 18 years), our 242 sample turned out to be surprisingly homogeneous in terms of oral microbiome and oral-243 health status. Therefore, we could not make any associations between these factors (age, 244 microbiome, and health/disease) within our sample. Nevertheless, it is reasonable to assume 245 that such associations not only exist, but also that they can be teased out in future studies 12 246 by including marmosets of younger age-groups and by collecting more detailed data on the 247 marmosets' oral health status, such as the severity of gingival inflammation, depth of 248 periodontal pockets, and extent of dental decay. Such studies shall reinforce the feasibility 249 of the marmoset as an ideal, alternate oral health model for future research.
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In the context of the marmoset's dental physiology, shorter life span, and smaller 251 body mass, our findings strongly suggest that the marmoset could be an ideal model for 252 studying general oral health and its relationship with aging. In conclusion, this study is the 253 first to elucidate the oral microbes of the marmoset's, thereby providing important information 254 for the application of the marmoset as a model in studies of age-related oral diseases.
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